150 and 270 deg. To depict the surface wind data in a
second fashion and to also indirectly involve the VIS and
IR DCV's, wind directions were attached to each of the
data points depicted in Fig. 31l. To establish mean wind
directions, averages by column and row as portrayed in
Fig. 43 were performed. For the averages given in which
five or more wind reports were considered in the average,
the mean wind directions were as follows: 160 through

262 along the VIS axis; 171 through 226 along the IR axis.
Thus, the surface winds with southerly components are typi-
cally related to heavy fog conditions over the eastern

North Pacific Ocean during the August period studied.




V. CONCLUSIONS AND RECOMMENDATIONS

The principal objective of this study was to ascertain
the value and applicability of DMSP and SMS-2 satellite data
in the diagnosis of marine fog over the open ocean. Through
the interpretation and processing of digital data from both
satellite systems with conventional surface ship reports as
grourd~truth verification, optimal ranges of digital count
values related to f¢cg occurrence for both the VIS and IR
data were determined (V:ble VI), A secondary objective of
the study, the establishment of usable statistical correla-
tions of satellite and conventionally-reported weather para-
meters, was only partially achieved through the relationship
between observed fog reports, associated surface wind, and
SMS~2 VIS and IR DCV's. Further statistical analyses were
not performed using these data due to time limitations.

DMSP data proved insufficient in quantity for truly
meaningful input to the study as a whole. Any polar orbit-
ing satellite data utilized in a study such as this one
must be available over a much longer time period so that a
representative number of data points may be made available
for investigation. Processing techniques employed herein,
however, may be useful for future studies involving DMSP
data.

SMS-2 recorded data processed using the MCIDAS, pro-

vided the major data source for the study. The high gquality
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numerical products and imagery available from the SMS-2
system provided the necessary base for meaningful data pro-
Cessing. Even though the final sample size for the study
was relatively small, the processing accuracies attained
throughout the investigation were noteworthy and provided
very high gquality data for further analysis. The utility
of a derived cloud height parameter that has been finely
tuned to account for various cloud types and varied atmos-
Pheric conditions is apparent. Although the MCIDAS CLDHGT
parameters derived for this study did not provide signifi-
cant insight into fog diagnosis, it is felt that refinement
and development of this program will provide valuable input
toward future studies. Perhaps the CLDHGT program will
also be able *to address still another problem, namely, the
Segregation and discrimination of fog from stratiform clouds
without associated fog.

The following recommendations are offered for future

studies:

(1) Conduct a similar study for a longer time period
using both DMSP and SMS-2 data.

(2) Work toward increased automation of processing
techniques herein outlined using existing computer
facilities.

(3) Investigate the feasibility of modifying existing
MCIDAS navigational and CLDHGT programs for use on

the NPS computer.

e Jr
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(4)

(5)

(6)

(7)

Further investigate the MCIDAS CLDHGT program as
developed by Mosher (1974) in the fog diagnosis
application.

Further examine statistical relationships be-
tween conventional synoptic ship report data and
VIS/IR count value distributions. |

Consider future fog research using the MCIDAS
facility at the SSEC, University of Wisconsin.
Investigate a scheme which would involve the
assignment of "weighting factors" to selected
VIS/IR digital count value parameters and when
used in combination with climatology, moisture
content, temperature, wind, and other fog—‘
related parameters, arrive at a credible fog

probability analysis (Hale and Renard, 1975).
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APPENDIX A

Conversion of latitude/longitude position to I-J grid co-
ordinates (FNWC Subroutine Library).

The following expressions were programmed for use with

a programmable calculator:

cos
I Ip [ (Re) (l Fiyree ¢) (cos (350=-1))1
cos : :
J = Jp * LRe) Ug—F—== ¢) (sin(350-1))]
where: IP = Pole position = 31
L JP = Pole position = 31
¢ = Latitude, in degrees
A = Longitude, in degrees
Re = Distance from pole to eguator in grid

mesh lengths = 31.205,

P2 i B i B2 % i R Y U it kit aiaat
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APPENDIX B

Averaging schemes for DMSP digital data - 2x2 and 4x4.

Given:

(1)
(2)

(3)

Set of I-J grids computer produced, each consisting
of 64 by 64 (4096 total) digital count values.
Latitude/longitude positions converted to I-J grid
coordinates (see Appendix A).

Overlay, subdivided to nearest hundredth, to extract

values from printed grid.

Procedure:

! (1)

(2)

(:3))

Enter I-J grid (with overlay) and select the two-
digit value closest to point on the overlay.
Extract surrounding four points (including point
value just selected); sum points and divide by
four for 2x2 average.

For calculation of the 4x4 average a weighting
scheme is used,based on radial distance from the
center of the grid. I-J coordinates entered are
assumed to be at grid center to accomplish this

average.




Points a, b, ¢ refer to digital count values as located on

64x64 grid.

Assume: Distance be

for purposes of deri

tween elements is equal to two units

ving weighting factors (Wr), (e

distance a to b = 2 units).
w:—l—— wb='L W=—}—
SERNE /10 ¢ 35
therefore, Zwr = 4(—i—) + 8¢ i ) + 4(—£—)
V2 /10 3/2
W

Weighting Factors:

at all points "a®

at all points "b" =

= 6,301058
£

at all points "g"

W
CHECK: Does 4 (x:2)
S

4(.1122203)

1
W
a V2
2wr ® g 30i058 =~ asiage0d
1
w —
b Y10
2wr ¥ S.301058 = 8324364
1
W
(= 3/5 -
Iw_ = §.301058 - 2374067
W W
* a(;ﬁg) ¥ 4(ch) =12
b ?

+ 8(.0501864) + 4(.0374067)

«9999937 & 1
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Sample Averaging Procedure:

363737383940
36/3637373841
36/36(3837|3840
36/37(38383840
393637383840
383637383840

"e" = Exact location of I-J coordinate (to nearest hundredth)

point value 38

38 % 37+ 38L& 38
4

2x2 average = 37,8

4x4 average «13122203(38 + 37 + 38 + 38) =+
20501864 (37+37+38+38+38+37+37+36)
+ .0374067(36 + 38 + 38 + 36)

= 37.4
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APPENDIX C

The Man-Computer Interactive Data Access System (MCIDAS)

The Man-Computer Interactive Data Access System (MCIDAS)
located at the Space Science and Engineering Center at the
University of Wisconsin, Madison, Wisconsin, was developed
for processing two dimensional image data from high volume
data sources such as the Synchronous Meteorological Satellite
(SMS-2) which transmits approximately 75 billion bits of
image data each day (Smith, 1975). The characteristics that
are required for a system to process SMS-2 data and which
were therefore built into the MCIDAS include:

"a. Best possible navigation

b. Preservation of inherent resolution and geometry

c. Speed and precision of automated technigues

d. Human interaction only for decision-making but not

for data handling or measurement

e. Combination of digital and analog hardware

£. Real or near-real time processing."

(Chatters and Suomi, 1975)

Some of the capabilities of the MCIDAS include the
following:

(1) Digital data may be transformed into analog picture

format display at MCIDAS terminals.

(2) Images may be time sequenced on a terminal; a use-

ful capability in tracking clouds.

(3) Inherent in the system's operation is an interactive

capability in which the human operator always

occupies a decision-making position.
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(4)

Images (pictures) on a MCIDAS terminal may be com-
bined or overlaid as well as color enhanced.

Unique features which are intrinsic to the MCIDAS include
both a unigue navigational model and the WINDCO/CLDHGT system.
The navigational model, although extremely complex, allows
rapid transformation from satellite coordinates to true
earth coordinates.' The WINDCO/CLDHGT system was developed
for use in cloud-tracking.

For this study, the CLDHd& sub-system provided a unigue
parameter: cloud base height derived from satellite digital
data. The basic steps involved in the program include the
following:

(1) Using visible brightness values the optical thick-

ness of a cloud is determined.

(2) From the optical thickness, the IR emissivity of

the cloud is computed.
(3) The true temperature of the cloud is then computed.
(4) From this temperature, and climatological soundings
indexed by season and geographical position, the
height of the cloud top is determined.
(5) Cloud thickness can be computed from the optical
thickness and an extinction coefficient (Mosher,
1974).
Cloud thickness was subtracted from cloud top height to pro-
duce a cloud base height for each ground truth ship latitude/
longitude position. Since the program was originally de-
veloped and modeled for cumulus-type clouds, a tentative cor-

rection factor was introduced by Mr, Mosher for the purpose

of this study.
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Figure 34. VIS (top) and IR bottom) digital count value
matrices for surface ship location 43.8N
143.1W (center of data matrix), 000C GMT,

5 August 1976.
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TABLE I

DMSP data interval as a function of latitude

Latitude I-J grid size (nmi) Data interval (nmi)
] Equator 110.4 by 110.4 L.73
30N : 165.6 by 165.6 2.59
45N 188.5 by 188.5 2.95
60N 206" by 206 1,22 i




TABLE II. Marine-fog duration categories as dependent on

the visibility-weather group elements of the primary synoptic
report. Hours of fog assigned are derived from an analysis
of summer-season North Pacific Ocean Weather Station (P,Q,S)
weather log data (after Willms, 1975).

Fog Coded Coded Hours
Duration Coded Present Past of Fog
: Categories Visibility Weather Weather - Assigned

10 * 40-49 4 545
15 * 40-49 5 4,3

20 * 10 4 5.3
22 * 3Y,12 4 3.0
24 * 10 5 3.0
_ 26 * s i 5 5 2.0
i 30 90-93 * ok 4 4.7
: 31 90-93 H 4 3.0
1 32 94 * % 4 3.8
33 94 H 4 3.0
3i5 90-93 *ik 5 3.8
36 90-93 H 5 250
37 94 R 5 1.2
38 94 H 5 Loeil
] 40 * 28 4. 5.3
‘ 45 * 28 5,6 3.3
50 * 40-49 6 3.6
60 £ 35(0) 6 2.6
65 * L1 6 1.0
70 90-93 Xk 6 256D
L 90-93 H 6 1«0
E’ 7 94 X 6 140
‘ 3 94 H 6 1.0
80 = 40-49 2 4,0
90 * 10 2 3is'5
95 k> Ll,12 2 140
100 90-93 it 2 245
2 102 94 * % 2 153
7y 110 il 28 2 4.6
] 120 * * % 4 3.1
130 = 40-49 Oy L, 3y V=9 3.6
140 * 10 0,1,3,7=-9 2.6
145 L 11,12 0,1,3,7=-9 1+0
£50 90-93 s Qpd 3y 71=9 1.0
b 152 94 LA 0,1,3,7=9 1.0
] 160 * 28 0;21,3,7=9 3:%3
: 175 95-96 *x 0=3,5-9 0.6

180 All reports not fitting above categories

Denotes any visibility allowed, i.e. 90-99
** Denotes any present weather code except 10,11,12,28,40-49
or heavy present weather codes
e H Denotes heavy present weather codes only: 30-39, 62-65,
67, 69, 72-75, 81, 82, 84, 86, 88, 90-99
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TABLE III. Fog duration category (FDC)

Assumed
# Group Weather Condition
% FDC Group 1 heavy fog likely
(FDC GR 1) at observation
time
FDC Group 2 light fog likely
(FDC GR 2) at observation
i time
§ FDC Group 3 fog likely but not
(FDC GR 3) necessarily at ob-

servation time

Ebe 175 visibility qualifies
for light fog, but
fog not reported

EDE 180 no fog

90

groupings.

FDC's included

10,15,30,35,50,
70,80,100,130

20,24,32,37,60,
90,140

22,26,40,73,110,
120

175

180
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TABLE IV. DMSP histogram statistics.

Range of
Figure DMSP Count Values Total no.

k. Histogram No, Data (0-62 possible) of reports
b All FDC 9 Vis 26 - 60 69

All FDC 11 IR 19 - 46 116

FDC GR 1 10a VIS 29 - 52 12
i FDC GR 1 12a IR 20 - 39 57
! FDC GR 2,
1 FDC GR 3,

FDC 175 10b VIS 28 - 55 12
: FDC GR 2,
F FDC GR 3 12b IR 19 - 38 14
: FDC 175 124 IR 50~ 18 11

[}

A ! FDC 180 10c VIS 26 - 60 42

FDC 180 12c IR 20 - 46 50

i




3 ¢ TABLE V. SMS-2 histogram statistics.
| ‘ Range of Total no. Mean
Histogram Figure Count Values of reports value
VIS All FDC 13 39 - 198 715 121.7
; VIS FDC GR 1 14 74 - 184 133 135.6
E VIS FDC GR 2 15 92 - 160 24 135.9
VIS FDC GR 3 16 62 - 184 32 134.2
Vis FDC 175 L7 47 - 198 41 142.é
VIs FDC 180 18 39 - 185 457 114.0
IR All FDC 19 73 - 196 714 11546
IR FDC GR 1 20 89 - 195 L3 123
ﬁ IR FDC GR 2 23 95 - 191 24 124.6
IR FDC GR 3 22 96 - 180 32 118.8
IR PDC 175 23 76 - 190 41 129.6
IR FDC 180 24 73 = 196 456 L2 dl




TABLE VI. SMS-2 VIS/IR count value range before/after
removal of middle/high clouds.

No. of
reports after Digital count
apparent middle value range

FDC No. of and high cloud VIS . IR
Group reports cases removed before after before after
FDC GR 1 131 74 74-184 78-168 89-195 89-130
FDC GR 2 24 16 92-160 92-160 95-191 95-132
FDC GR 3 32 23 62-184 62-167 96-180 96-120

FDC 175 41 18 47-198 47-168 76=-190 76-126
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TABLE VII.

SMS-2 cloud base height statistics.

Histogram Figure Mean height (m) Total no. of reports
All FDC 36 651.5 717
FDC GR 1 37 462.9 312
FDC GR 2 38 -121.8 2/5
FDC GR 3 39 287.6 32
FDC 175 40 -842.6 41‘
FDC 180 41 91.5:2 457




